Physician-related errors are rising, resulting in an increase in disciplinary actions by licensing medical authorities. It has been previously reported that cognitive impairment may be responsible for 63% of all physician-related medical adverse events. In this paper we examine neuropsychological testing results from 148 physicians referred for assessment by the California Medical Board (CMB) for various infractions. The neuropsychological test performance of the physicians was compared to normative reference samples. Overall, they performed in the average range on most measures; however, they demonstrated relative deficits on tests of sequential processing, attention, logical analysis, eye-hand coordination, verbal and non-verbal learning. These findings reveal that this cohort of physicians is performing lower than expected on tests of intellectual and neuropsychological functioning. Applying a neuropsychological framework to the assessment of physicians may uncover potential cognitive factors that contribute to medical practice errors.
Introduction
Physician-related error resulting in disciplinary actions by licensing medical authorities is dramatically rising. The human cost of medical error accounts for some 44,000-98,000 deaths each year and $8.8 billion dollars is spent annually as a result of medical errors Thomas, Soddart, & Newhouse, 1999) . This places physician and medical error as the eighth leading cause of death in the United States, surpassing motor vehicle accidents, breast cancer, and AIDS (Thomas et al., 1999) . These statistics have led to increased scrutiny and greater accountability among physicians and medical organizations.
It has been estimated that approximately 3-16% of practicing physicians are impaired, and another 10% incompetent (Benzer, 1991; Gray, 1992; Lawrence, 1992) . Physician impairment is defined by the Federation of State Medical Boards as "the inability to practice medicine with reasonable skill and safety because of physical or mental illness including, but not limited to aging, alcoholism, drug dependence, and habitual or excessive alcohol or chemical use or abuse" (Rassekh, 1996, p. 213) . Bok (1993) points out that when referring to practicing physicians, impairment is defined more specifically to mean "a change for the worse that interferes with their functioning as physicians in ways that endanger patients" (p. 337). Presently, all 50 states have programs that identify functionally impaired physicians. However, it is often the case that the "impaired physician goes unrecognized for a long period of time" (Madden, 1988, p. 201) and is not evaluated until he/she has engaged in improper treatment or committed a medical error.
In an attempt to identify the possible contributors of medical error, Turnbull and colleagues (2000) reported on the neuropsychological profiles of 27 physicians referred to a physician review program. They found that 22% of these physicians demonstrated moderate to severe cognitive deficits on neuropsychological testing. Madden (1988) assessed the cognitive functioning of 11 physicians referred for impaired performance and reported cognitive impairment in 64%. In addition, 73% scored within the average to borderline range of intellectual functioning. These authors concluded that a significant number of the referred physicians had cognitive impairments "sufficient to explain both their incompetence and, probably, their failure to improve with remedial CME" (Turnbull et al., 2000, p. 177) . In fact, it has been found that cognitive impairment in physicians is responsible for 63% of all the causes of medical adverse events, and most were determined to be preventable (Wilson, Harrison, Gibberd, & Hamilton, 1999) . Based upon this body of work, Turnbull and colleagues suggested that "serious consideration should be given to the incorporation of neuropsychological screening in all intensive physician review programs" (p. 177).
Therefore, the aim of this paper is to characterize the neuropsychological profiles of physicians referred for assessment using a comprehensive neuropsychological battery. In this paper, we retrospectively analyze the demographic and neuropsychological performance of physicians in the Physician Assessment and Clinical Education (PACE) Program of the Division of Family Medicine at the University of California, San Diego School of Medicine. We hypothesized, consistent with the previous work of Turnbull and colleagues and Madden, that patterns of deficits of impaired physicians will emerge, which may offer hypotheses as to why medical errors are occurring among this physician population.
Method
The participants reported in this paper consist of 235 consecutive physician referrals between September 1997 and December 2001 to the PACE program. Physicians who are brought Table 1 ). A small percentage of physicians (n = 4) were self-referred either in anticipation of the CMB requiring enrollment or a general interest in their own psychological/neuropsychological functioning. No physician was referred due to current alcohol or substance abuse. Due to the well-documented difficulties using neuropsychological assessment instruments to assess foreign-born individuals for whom English is their second language (Jacobs et al., 1997) , we report only the performance of physicians who identified English as their primary language (n = 148). Participants were primarily Caucasian (77.7%), male (93.2%) and had a mean age of 54.4. Family Medicine physicians comprised the majority of referrals (24.3%), which was three times that of the percentage of U.S. physicians in that specialty (Randolph, Seidman, & Pasko, 1996) . Obstetrics/gynecology, internal medicine and surgery made up the next most prevalent groups. In Table 2 we present demographics from our sample and the distributions for physician specialty in the United States (Randolph, Seidman, & Pasko, 1996) .
All participants were administered the following battery of tests: Information, Digit Span, Vocabulary, Similarities, Picture Arrangement and Block Design subtests from the Wechsler Adult Intelligence Scale-Revised (WAIS-R; Wechsler, 1981) ; the Reading subtest from the Wide Range Achievement Test-3 (WRAT-3 Reading; Wilkinson, 1994) ; the California Verbal Learning Test (CVLT; Delis, Kramer, Kaplan, & Ober, 1987) ; the Category Test (Reitan & Wolfson, 1985) ; and, the Neuropsychological Screening Battery (NSB; Heaton, Thompson, Nelson, Filley, & Franklin, 1990) . The NSB is a brief standardized assessment of a broad range of cognitive abilities and includes the following subtests: Aural Comprehension, Verbal Learning, Verbal Memory, Complex Figure The test performance of the PACE participants was converted to T-scores based upon the means and standard deviations derived from normative reference samples. Age-corrected T-scores were derived from the normative reference samples published in the reference manuals for the WAIS-R (Wechsler, 1981) , the WRAT-3 (Wilkinson, 1994) , and the CVLT (Delis et al., 1987) . Age-and education-corrected T-scores were derived for the Category Test based upon the norms from the Halstead-Reitan Battery (HRB) for the normative project manual (Heaton, Grant, & Mathews, 1991) , and the T-scores for the NSB were based upon the published means and standard deviations published by Franklin, Heaton, Nelson, Filley, and Seibert (1988) . All analyses were conducted with SPSS 10.0 (1998). As we should expect comparable, or better, performance from our physician sample when compared to each normative sample we set the alpha criterion level at P < .05. While this liberal criterion may increase Type I error, it also increases our chance of detecting true impaired performance from this group.
Results
PACE physicians generally scored in the average range across the selected subtests from the WAIS-R and WRAT-3 Reading subtest (see Table 3 ). However, they achieved a mean scaled score of 9.7 (T-score = 48.2) on the WAIS-R Picture Arrangement subtest that was statistically lower (t(147) = −2.1, P < .05) than the normative sample. The PACE physicians performed significantly lower than the normative sample for total words learned over the five repeated CVLT trials (t(147) = −2.2, P < .05). Performance on the other CVLT measures was not significantly different from the reference sample (Table 4) . PACE physicians committed a mean of 41.6 errors (T-score = 46.5) on the HRB Category Test which was significantly higher than the normative sample (t(147) = −3.91, P < .001), placing the physicians in the 41st percentile. On the NSB, physicians scored significantly lower on the Trail Making Test Part A subtest of the NSB (t(147)= −5.6, P < .001), but performed significantly faster than the normative sample on Trails B (t(147)=2.0, P < .05). Physician participants also scored significantly lower than the normative reference sample on measures of non-verbal complex figure learning (t(147) = −8.0, P < .001), numerical attention time (t(147) = 8.7, P < .001) and symbol digit modality (t(147) = −4.9, P < .001).
To assess the depth of the impaired performance of these physicians we calculated the percentage of physicians who scored 1 standard deviation (S.D.) below the normative sample for each of the variables (see Table 5 ). A cut off of 1 S.D. was selected as it has been shown to yield the most balanced levels of sensitivity and specificity (Taylor & Heaton, 2001 ). Sixty-one percent of the physicians scored at least 1 S.D. below expectations on three or more of the neuropsychological measures and 51% scored 1 S.D. below the normative sample on four or more of the neuropsychological measures. Forty-six percent of this physician group scored 1 S.D. below the normative mean on the Complex Figure Memory test from the NSB, while 42% scored 1 S.D. below the normative mean on the Numerical Attention Test. Finally, 45% of this physician sample scored 1 S.D. below the normative mean on three or more of the WAIS-R subtests.
Discussion
The results of this retrospective review of neuropsychological performance on 148 physicians referred for assessment due to allegations of medical error suggest that, as a group, they are generally of average intelligence. Average intellectual functioning among this physician group is consistent with prior reports of physicians assessed for performance difficulties but is lower than the expected level of functioning of physicians as a whole (Turnbull et al., 2000; Madden, 1988) . Previous reports of the intellectual functioning of "non-impaired" physicians have suggested that the mean I.Q. of individuals with medical degrees is 125 (Matarazzo & Goldstein, 1972; Wecshler, 1972) , which is considerably higher than the average performance of this cohort. Matarazzo and Goldstein (1972) also examined the I.Q. of the average medical student to determine whether, then, present claims that there was a "decline in the intellectual caliber of the entering medical student" (p. 102) was correct. Those authors found, contrary to the alleged contention, that their sample of medical students performed similar to that of 10 other samples of medical student I.Q.'s from 1946 to 1967. The average Full Scale I.Q. of the medical students across the number of studies was 125, similar to the I.Q.'s of physicians at that time. Weintraub, Powell, and Whitla (1994) did assess a large cohort of healthy volunteer physicians on tests of intelligence. The authors did not provide specific data regarding their physicians' performance on intellectual testing; however, they did report that the physicians were of above-average to superior intellectual functioning as a group. As there are no recent published studies of the I.Q. performance of non-impaired physicians, we can only presume that as a group, physicians continue to score in the above average range on tests of intelligence. Furthermore, given that there is, albeit small, expected gains in verbal I.Q. scores over time (Flynn, 2000) , this group of physicians is scoring considerably lower than would be expected given their years of education and vocation. Still, any conclusive statements regarding I.Q. differences between the PACE physicians and "non-impaired" physicians can only be made after assessing an age-matched sample of practicing physicians who were not referred for assessment through the PACE program.
Although the neuropsychological performance of PACE physicians was in the average range on most measures of the assessment battery, a majority of this physician group (61%) scored 1 S.D. below the normative reference sample on at least three neuropsychological measures; and in fact, only 14 (9%) of the 148 physicians scored in the average range, or greater, on all of the measures. Inspection of those measures in which a majority of this physician group scored below expectations may provide insights into the problems that they are experiencing in their professional practice. For example, at least one out of four physicians performed below expectation on the WAIS-R Picture Arrangement subtest and the Category Test. Poor performance on these measures suggests that they are experiencing difficulty in problem solving, logical analysis, abstract reasoning and sequential processing when attention to detail is important (Kaufman & Lichtenberger, 1999) . In addition, the PACE physicians scored a mean T-score of 46.5 on Category Test (errors) which is more than 1 S.D. below the reference sample. While an average of 41 errors on the Category Test is within the normal range, it is higher than the mean errors of 32.4 collected by Reitan (1995) and is approaching the cutoff of 50 errors that is used to compute impairment in the Halstead Impairment Index (Reitan & Wolfson, 1985) . Furthermore, 56% of the physician participants committed greater than 32 errors and approximately one-third of the sample exceeded 50 test errors.
A significant difference was found between the PACE physicians and the reference sample on CVLT List A 1-5. Fifty-eight percent of the PACE physicians scored below the normative mean and one out of four PACE physicians scores at least 1 S.D. below the expected mean for learning of List A over five trials. These results suggest a possible difficulty in learning novel verbal information. Poor performance was also noted on Trail Making Test Part A, the Numerical Attention Test and Symbol Digit Modality, all of which are timed tests of attention and require eye-hand motor coordination. On the Numerical Attention Test, 42% of PACE physicians performed 1 S.D. below the normative sample mean. Collectively, these findings are consistent with earlier findings that noted cognitive deficits in performance-impaired physicians (Madden, 1988; Turnbull et al., 2000) and are in contrast with Weintraub et al. (1994) who studied various neuropsychological functioning in 1101 healthy volunteer physicians and reported that significant cognitive deficits only occurred in physicians 75 years of age and older.
The PACE physicians also performed poorly on the NSB subtest of non-verbal learning of a complex figure. Nearly one-third of this physician sample scored at least 1 S.D. below the mean. In addition to leaving out critical features of the complex figure, many physicians were careless in their detailed reconstruction of the figure. Given that approximately 20% of the alleged accusations involved surgical complications, which required intact eye-hand coordination, the implications of poor performance on a test of visuo-spatial analyses and construction is potentially of great importance. Although there is no ecological validity relating errors on non-verbal learning of complex figures to surgical errors, a pattern of poor attention to detail and negligent performance may be consistent with their "impaired" medical performance during stressful events.
In summary, the aim of this retrospective analysis was to characterize the neuropsychological profiles of physicians referred to an assessment program following allegations of medical error. The profile of these physicians was compared to the various standardization samples, as a non-impaired physician comparison group was not available, and therefore the results from this characterization must be interpreted with caution.
The PACE physicians, as a group, are of average intelligence when compared to normative data. Additionally, these physicians exhibited specific, although minor, relative deficits on tests of attention to detail, sequential processing, logical analysis, complex reasoning, verbal learning and non-verbal complex figure learning. Given their years of education and training and the ongoing need to utilize a broad range of cognitive skills in their daily functioning, the relative deficits exhibited by this cohort of physicians may reflect the problems they experienced during their practice of medicine.
There are many reasons why certain physicians are deemed "impaired" by state medical boards, and these reasons can include geographical and financial considerations. For example, individual state medical boards sanction disciplinary actions against physicians at variable rates, based on subjectively applied disciplinary criteria. In addition, defending oneself can be costly, therefore the physician may choose to accept the stipulated agreement, independent of whether or not they are guilty of the infraction. However, there is a growing recognition that applying a neuropsychological framework to the assessment of these physicians assists in determining the potential cognitive factors that contribute to medical errors (Thompson, 2003) . Based upon the average neuropsychological profile of the PACE physicians, it is conceivable that when they are faced with complex and novel situations in which a quick, and yet complex, decision is warranted, they may be prone to poor problem solving and attention to critical detail, rendering them vulnerable to errors in judgment. This hypothesis should be further tested by comparing their performance to a well-matched sample of physicians who have not been cited for poor performance. Nevertheless, this data can provide a reference sample to clinicians who are asked to assess physicians involved in malpractice, disability claims and in the general assessment of highly educated professionals.
